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Abstract. This study investigates the possibility of effectively replacing polymers 
in thin sprayed liners (TSL’s) with nanoclay particles.  In the industry Nano 
particles are used in many different products to enhance their properties. The 
strength properties was analysed to see if the addition of nanoclays improve the 
strengths of the TSL product. Different concentrations of nanoclay were added to a 
standard TSL mixture in the place of polymer particles. The different composites 
were tested for Tensile Strength, Compression Strength, Shear Strength and Shear 
Bond Strength.  Though there are other parameters to be tested, the study will only 
focus on those mentioned above, as they were considered to be the most important.  
The materials used for testing these characteristics were supplied by Oxyfibre.  The 
mixtures have consisted of four different composites that included the standard 
mixture, 2% nanoclays, 4% nanoclays and 6% nanoclays. 
Keywords. Nanoclays, thin spray rock liner, compressive strength, tensile 
strength, shear strength, shear bond strength 
Introduction 
In the mining industry one of the major causes of instability in underground 
excavations and the resulting of rock-related accidents is the lack of proper support 
coverage between support units in these excavations [1]. This is the reason for 
introducing different products such as thin spray rock liners (TSL) to support the rock 
fragments which can move or fall due to gravity, seismic activity or blasting-induced 
vibrations. 
This study looks at some ways how polymers can be replaced in the mix design 
with different concentrations of mineral clays like Kaolinite, Montmorillonite, and Illite 
etc.  The reason for this is to see if the product (TSL) can be more cost effective and 
also get better structural strengths. Figure 1 to 4 illustrates a rock liner being sprayed to 
the rock surfaces.  This process is quick and easy to do with all the relevant tools and 
safety gear.  The equipment used is a simple mixer pump arrangement having a positive 
displacement type pump [2]. The delivery hose should be about seven metres for best 
effect. Compressed air is added at the nozzle to spray the fresh mix.  Cleaning of the 
equipment is easy by simply flushing thoroughly with water after the application is 
complete [2]. 
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Figure 1. Thin sprayed rock liner being sprayed[4]     Figure 2. TSL layer easily applied by one person[4] 
 
 
              
Figure 3. White TSL product[4]                            Figure 4. Finished tunnel with the TSL product[4] 
 
The thin sprayed liners are widely used in today’s industry all over the world for 
different situations.  The polymer-based liner, which is known as thin spray lining or 
TSL, was originally designed to stabilize the surface between rock bolts, but mine 
operators have different valuable additional features.  “Typical uses which have been 
successfully found for TSL below ground are in the stabilization of friable ground, 
sealing sensitive rock types against water and humidity, preventing the unraveling of 
fractured ground by holding key blocks in place, and sealing dams, sumps and 
drains”[5].  
1. Material properties 
1.1 Testing and mix design 
Test specimens were prepared with the TSL mix and tested for tensile strength and 
elongation, shear bond strength and compression strength. Table 1 shows the basic 
tests that would be done on TSL’s rock liners to look at the different properties that 
would have an effect on the design of a specific mixture.  But to test all these 
properties would take a long time and would not be relevant for this investigation.  
Only the most relevant tests have been chosen that would give us the basic answers we 
seek. The relevant tests selected are the tensile test, compression test, shear bond 
strength test and shear strength test. 
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Table 1. Relevant standards for testing TSL's[1] 
 
1.2 Mix design 
The original mix design supplied by Oxyfibre (Pty) Ltd can be seen in Table 2. The 
mix design uses 2.5% Polymers.  The amount of Polymers was removed from the mix 
design and later replaced by nanoclays.  The nanoclays were added at three different 
ratios of 2%, 4% and 6%.  With the different, ratios the sand in the mix design was 
changed accordingly and the water/cement ratio was changed from 20% to 25% as to 
ensure the workability stay more or less the same as the original mix design from 
Oxyfibre. 
 
Table 2. The original mix design for TSL’s  
Thin Spray Liner % 
Cement 
Fibres 
Accelerator 
Sand 
Polymer 
Thickner 
Plasticiser 
Water/cement ratio 
52 
0.2 
2.5 
42.68 
2.5 
0.02 
0.1 
20 
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2. Experimental programme and results 
2.1 Tensile strength testing 
The shape and dimensions of an ASTM D638 Type I test specimen can be seen in 
Figure 5.  The shape and dimensions of Type IV specimen mentioned in the same 
standard are considered to be more suitable for testing TSLs with high elongation 
capacities[6]. The thickness of the TSL specimens is determined by taking the field 
applications as a reference.  This thickness is generally accepted to be around 5 mm.  
The test specimen was placed in an Instron 1195 testing machine that applies a vertical 
tension load at a constant rate of 2.5 N/s up to 100 N (40 seconds) and then tensioning 
at a constant loading rate of 5 N/s up to failure.  Failure normally occurred in the 
smaller middle section of test specimen.  The results was obtained and statistically 
analysed and shown in Table 3. 
 
 
Figure 5. Dimensions of the dog-bone specimens [1] 
 
 
Table 3. Statically analysed results for tensile test  
 Concentrations 
 0% 2% 4% 6% 
Sample Number Strength(MPa) Strength(MPa) Strength(MPa) Strength(MPa) 
1 2.56 4.32 4.11 4.02 
2 4.53 4.60 4.77 5.27 
3 3.95 3.14 2.74 6.08 
4 4.13 3.69 2.85 3.13 
5 2.78 3.26 2.23 3.68 
6  3.61 2.71  
Mean value 3.59 3.77 3.23 4.44 
Sample Variance 0.76 0.34 0.96 1.46 
Std deviation 0.87 0.58 0.98 1.21 
95% Confidence Intervals (MPa) 
Minimum 2.95 3.38 2.58 3.54 
Maximum 4.23 4.16 3.89 5.33 
Final  Mean 
values(MPa) 
 
4.04 
 
3.65 
 
2.77 
 
4.33 
 
The 6% nanoclay mixture performed the best.  The strength gained for this mixture 
was 4.33MPa.  The original mix design performed second best with a strength of 
4.04MPa.  Third and fourth were the 2% and 4% nanoclay mixtures with recorded 
strengths of 3.65MPa and 2.77MPa respectively. The inclusion of nanoclay into the 
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mixture decreases the tensile strength of TSL’s but not for the concentration of 6% 
nanoclays. 
2.2 Shear bond testing 
A 20 mm thick steel-ring with a 52.5 mm diameter inner hole is used for housing the 
TSL and a rock core of 27.5 mm diameter as seen in Figure 6. The rock core is 
centrally positioned in the steel-ring.  The gap between the steel-ring and the rock core 
is filled with TSL.  After curing of the TSL for the predetermined period, the specimen 
is placed on a base which offers support to the steel-ring and the TSL but not to the 
rock core.  A compressive load was applied on the rock core, displacing the core on the 
rock/TSL contact towards the void in the support base.  The loading and failure of the 
TSL take place due to shear movement at the rock/TSL contact. Load deformation 
characteristics were observed until the TSL has failed[1].  The results was obtained and 
statistically analysed and shown in Table 4. 
  
 
Figure 6. Steps followed during specimen preparation in shear-bond strength testing[1] 
Table 4. Statically analysed results for shear bond test 
 Concentrations 
 0% 2% 4% 6% 
Sample Number Strength(MPa) Strength(MPa) Strength(MPa) Strength(MPa) 
1 14.03 32.50 16.53 3.34 
2 7..58 23.67 9.61 5.12 
3 8.93 27.02 4.00 11.76 
Mean value 10.18 27.73 10.05 6.74 
Sample Variance 11.57 19.87 39.39 19.69 
Std deviation 3.40 4.46 6.28 4.44 
95% Confidence Intervals (MPa) 
Minimum 6.33 22.69 2.94 1.72 
Maximum 14.03 32.77 17.15 11.76 
90% Confidence Intervals (MPa) 
Minimum 6.94 23.48 4.07 2.51 
Maximum 13.42 31.98 16.03 10.97 
85% Confidence Intervals (MPa) 
Minimum 7.35 24.03 4.83 3.05 
Maximum 13.01 31.44 15.26 10.43 
Final  Mean 
values(MPa) 
 
8.26 
 
27.02 
 
9.61 
 
4.23 
 
The results are not reliable due to the flaws in the testing method.  The following 
flaws were observed: rock cores sheared away with large differences in strengths, rock 
core surfaces are smooth and lastly it was difficult to mould the rock cores exactly in 
the middle of the steel rings. They do however give a rough idea of how the different 
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nanoclay mixtures respond to shear bond testing. The 2% nanoclay mixture performed 
the best with a strength of 27.02MPa. This is a significant improvement of the strength 
which was around 227.12% higher than the original mix. The decrease in strengths is 
then followed by the 4% nanoclay and the original mixture and lastly by the 6% 
nanoclay mixture. The values recorded for these tests ranged from 4.23MPa to 
9.61MPa. 
2.3 Shear strength test 
The steel ring in Figure 7 is used for the purpose of housing the TSL which bonds onto 
the inner surface of the steel ring. The dimensions are the same as the steel ring used 
for the shear-bond strength testing. The TSL-ring has a depth of 20 mm. The steel 
punch is used to apply the shear load on the TSL. The diameter of the steel punch is 
29.6 mm and is smaller than the holes (30 mm) on the clamping fixture.  The difference 
in the diameters leaves a spacing of 0.2 mm along which TSL is sheared[1]. The 
clamping fixture is designed to accommodate the prepared specimen consisting of the 
TSL and steel ring. Two steel plates with overlaying holes are pressed against the 
surface of the TSL-steel ring using two screws.  The purpose of using a single clamping 
fixture is to ensure continuity of clamping all around the TSL material and for the 
prevention of rotation and premature failure. 
The results obtained from this test also showed a significant improvement in 
strength when adding the nanoclays to the mixture as seen in Table 5.  The mixture that 
clearly stood out was the one of the 2% nanoclay addition.  The strength gained for this 
mixture was 50.01MPa.  This is a significant improvement of the strength which is 
20.21% higher than the original mix design from Oxyfibre.  The original mix strengths 
only reached a stress of 41.6MPa and were also the lowest.  Second and third were the 
mixtures of the 4% and 6% nanoclay additions.  The values recorded for the tests range 
from 45.15MPa to 43.44MPa respectively.  This shows also an increase of strength by a 
percentage of 8.53% and 4.42% respectively. 
  
  
 
Figure 7. Shear strength test setup[4] 
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Table 5. Statically analysed results for shear strength test 
 
 Concentrations 
 0% 2% 4% 6% 
Sample Number Strength(MPa) Strength(MPa) Strength(MPa) Strength(MPa) 
1 34.59 49.63 48.02 41.61 
2 41.29 49.59 46.54 42.35 
3 41.70 51.73 40.64 44.53 
4 41.81 50.82 43.75 44.67 
     
Mean value 39.85 50.44 44.74 43.29 
Sample Variance 12.34 1.06 10.60 2.38 
Std deviation 3.51 1.03 3.26 1.54 
95% Confidence Intervals (MPa) 
Minimum 36.41 49.43 41.55 41.78 
Maximum 43.29 51.45 47.93 44.8 
90% Confidence Intervals (MPa) 
Minimum 36.95 49.59 42.05 42.02 
Maximum 42.75 51.29 47.42 44.56 
Final  Mean 
values(MPa) 
 
41.60 
 
50.01 
 
45.15 
 
43.44 
 
2.4 Compression strength test 
A Perspex mould with dimensions of 50 x 50 x 50mm is used to cast the TSL 
compression block test specimen as shown in Figure 8.  After sufficient curing time, 
the TSL block was placed in an Instron 1195 compression machine and tested.  The test 
was over when the pressure has reached its maximum load and suddenly decreased. 
 
 
Figure 8. Compression test setup 
 
The mixture that performed the best in this regard was that of the 2% nanoclay 
mixture.  The strength gained for this mixture was 36.70MPa.  This is a significant 
improvement of the compression strength which was 43.49% higher than the original 
mix design from Oxyfibre. Second and third were the mixtures of the 4% and 6% 
nanoclay mixtures. The values recorded for these tests ranged from 34.28MPa to 
34.79MPa respectively. This also shows an increase of strengths by a percentage of 
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31.7% and 33.65% respectively.  The mix design given by Oxyfibre performed the 
worst. The strength recorded was around 26.21MPa and was the lowest.  The analysed 
data is summarised in Table 6. All of these cubes have broken in the range from 22MPa 
to just over 26MPa. 
 
 
 
Table 6. Statically analysed results for compression test 
 Concentrations 
 0% 2% 4% 6% 
Sample Number Strength(MPa) Strength(MPa) Strength(MPa) Strength(MPa) 
1 22.50 35.00 32.29 28.97 
2 25.78 34.43 31.92 35.37 
3 26.64 38.76 35.94 35.20 
4 26.20 38.41 34.61 33.79 
Mean value 25.28 36.65 33.69 33.33 
Sample Variance 3.56 5.06 3.67 8.96 
Std deviation 1.89 2.25 1.92 2.99 
95% Confidence Intervals (MPa) 
Minimum 23.43 34.44 31.81 30.40 
Maximum 27.13 38.85 35.57 36.27 
90% Confidence Intervals (MPa) 
Minimum 23.72 34.79 32.11 30.86 
Maximum 26.84 38.50 35.27 35.80 
Final  Mean 
values(MPa) 
 
26.21 
 
36.70 
 
34.28 
 
34.79 
 
3. Conclusion 
Four TSL rock liner mistures were investigated, namely: Original TSL mixture, 2% 
nanoclay, 4% nanoclay and 6% nanoclay TSL Mixtures.  The replacement of nanoclays 
into TSL products appears to have a significant impact on the strengths gained for the 
certain test done in this investigation.   
The use of the most optimal concentration nanoclay added to TSL’s will be 
determined by cost purposes and also the best desired use of the product.  The TSL’s 
strength does not increase by mere adding of nanoclays; it decreases the strengths 
slightly but still performs better than the mix design given by Oxyfibre.  This 
investigation proves that it would be a much better option to replace polymers with 
nanoclays.  But product wise, nanoclays are much more expensive to use over 
polymers.  As the need increases for the production of nanoclays all over the world, the 
cost to purchase nanoclays in the future might decrease and this will certainly make 
nanoclays more favorable over polymers.   
The replacement of nanoclays in the mixtures will increase the water demand.  It 
changes the w/c ratio from 20% to 25%. This means that in the industry mines will 
need to accommodate for larger volumes of water to be used for this mixtures.  Further 
investigations should be done to investigate if maybe admixtures would influence the 
strengths gained and to ensure the workability does not change. 
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